Mixed model procedures were used to analyze morphology and gaits records collected in about 18,000 Lusitano horses from 900 studs, over a period of 43 years, and functional records collected since 1998, to carry-out a critical assessment of the fixed effects and selection practices followed in this breed. Fixed effects considered in the analysis of morphology (head/ neck, shoulder/withers, chest/thorax, back/loin, croup, legs and overall impression), gaits and final score (computed by summing partial morphological and gaits scores) were stud, year, sex, inbreeding and age. Functional traits analyzed were the scores obtained in working equitation dressage (WEDT) and maneability (WEMT) trials and in classical dressage (CD), where fixed effects were event, level of competition, sex, inbreeding and age. Phenotypic trends were moderate over the period analyzed, with a slight increase in height at withers, and a decline in final score. Nevertheless, differences among years were mostly environmental. Males received lower scores for almost all morphological and gaits traits except croup, with a difference of about À 1.7 points for final score relative to females. Sex differences were small for functional traits, with general advantage of males in WEMT and CD, and a disadvantage in WEDT. Considerable differences were detected among studs, especially in their environmental effects but also in mean estimated breeding value (EBV), for morphology, gaits and functionality. The environmental effect of competition level in CD resulted in a progressively lower scoring as the competition became more difficult, while for WEMT the pattern was opposite and differences were minor for WEDT. Inbreeding depression was observed for all morphological and gait traits, but the magnitude of its impact was very small for all traits analyzed, never exceeding À 0.1% of the mean per 1% inbreeding. Still, for functional traits the effect of inbreeding was negligible. The EBV for morphology, gaits, WEMT and WEDT show considerable variability, indicating that selection can be effective. For CD, however, the distribution of EBV was narrower. The genetic trend was positive but moderate for all traits, and it was slightly higher for head and neck, overall impression, gaits and final score. As a percentage of the mean, these traits and working equitation trials showed the highest responses, which in the best cases did not exceed 0.2% of the mean per year. Genetic selection differentials and the corresponding selection intensities were very modest for all traits analyzed, with a slightly higher intensity in sires when compared to dams.
Introduction
The Lusitano is included in what is considered the Baroque type of horse, known for its elegance and graciousness (Bowling and Ruvinsky, 2000; Loch, 1986) . Historically, Lusitano horses have been selected mostly based on aesthetical criteria, but their continuous use in different field work activities and in horse-mounted bullfighting has maintained their functional characteristics and versatility (Gonzaga, 2004) .
Since the establishment of the Lusitano Studbook in 1967, the selection program has emphasized mainly conformation and gaits traits, graded by visual assessment. However, some studs have applied more specialized breeding objectives, following the traditional selection of Lusitano horses for their ability in classical riding and equestrian art, but also their aptitude for bullfighting and herd management. In more recent years, the goal of improving performances in dressage, working equitation and carriage driving competitions has gained importance in the selection of Lusitano. Nevertheless, no systematic breeding value estimation has been applied nor used in selection decisions so far, and it is not clear how much weight breeders are actually giving to different traits when selection is practiced.
Horse selection programs in Europe generally include both performance and non-performance traits , and the implementation of organized selection programs has resulted in positive responses in several horse breeds, as reviewed by Arnason and Van Vleck (2000) . A positive genetic trend has been achieved in different equestrian disciplines, including dressage, show jumping, eventing and endurance (Ricard and Touvais, 2007; Thoren Hellsten et al., 2009; Viklund et al., 2011) , but also in conformation aspects (Albertsdottir et al., 2011; Fioretti et al., 2005; Miglior et al., 1998) . For racing performance, however, the results have been less consistent, because even though a positive genetic trend for speed has been reported for several breeds (Gaffney and Cunningham, 1988; Klemetsdal, 1992; Mota et al., 2005; Oki and Sasaki, 1996; Olsen et al., 2011; Willham and Wilson, 1991) , no reduction in winning times has been observed for the major horse races over the last 50 years (Gardner, 2006) . Several fixed factors are known to affect horse traits and performances, including the effects of sex, stud, year, event, etc., and they are often included in the statistical models used in genetic evaluations (Bruns et al., 2004) . One of the major fixed factors considered when practicing selection is the inbreeding coefficient, to account for the detrimental effect of inbreeding on performance known as inbreeding depression (Falconer and MacKay, 1996) . Still, it has been argued that the severity of inbreeding depression seems to be lower in horses when compared with other species (Ballou, 1994) .
Over the years, in addition to the several generations of pedigree data, a comprehensive amount of information has been gathered regarding conformation, gaits and, to a lesser extent, functional traits in Lusitano horses. These data have been recently analyzed by our group with the goal of characterizing the demography of the population (Vicente et al., 2012) and estimating genetic parameters for those traits , as these represent crucial initial steps in the consolidation of the breeding program and provide the foundations for more objective selection decisions. Furthermore, in the Lusitano horse no systematic analysis of fixed effects, including inbreeding depression, has been carried out, even though the breed currently has a mean inbreeding of about 11% and the effective population size is only about 28 (Vicente et al., 2012) , making it an interesting model to assess the magnitude of inbreeding depression for conformation and performance, as well as to determine the importance of other fixed factors.
In this work, we used pedigree, morphology, gaits and functional records for the Lusitano horse breed, analyzed by mixed model procedures, to (a) investigate the importance of different fixed effects, including inbreeding; (b) assess the distribution of estimated breeding values for different traits; (c) study the realized phenotypic and genetic trends over a period of 40 years; and (d) appraise retrospectively the success of the breeding program.
Materials and methods

Animals and data
In this study we analyzed conformation and gaits records collected in Lusitano horses over a period of more than 40 years, and functional records collected since 1998, to obtain detailed baseline information about the factors affecting those traits, and to carry-out a critical assessment of the selection applied in this breed. The data set analyzed and the procedures followed in this work have been described in detail by Vicente et al. (2014) . Briefly, pedigree and performance records for Lusitano registered horses were obtained from Fundação Alter Real (Portuguese National Stud) and Portuguese Association of Lusitano Horse Breeders (Associação Portuguesa de Criadores do Cavalo Puro-Sangue Lusitano, APSL), as well as from other sources maintaining performance results for Lusitano horses, such as the International Equestrian Federation and National Equestrian Federations.
Records were edited to exclude ages below 2 years-old and a few cases of single records in a contemporary group, as described by Vicente et al. (2014) . Contemporary groups were well connected, given the depth of the pedigrees used such that, overall, the mean relationship existing among animals from different studs was 0.15 (Vicente et al., 2012) . After validation of pedigree records, information on 53,417 horses registered in the Studbook and born between 1824 and 2009 was used. At the time of registration in the breeders section, animals are scored for different morphological traits and gaits (GA), and height at withers (HW) is measured. The morphological traits considered in this grading are head and neck (HN), shoulder and withers (SW), chest and thorax (CT), back and loin (BL), croup (CR), legs (LE) and overall impression (OI). All the morphological traits and GA are scored in a scale 1-10, and they are then combined into a final score (FS) obtained as [(HNþSWþ CTþCR) In addition to morphology and gaits, we used 12,131 performance records from classical dressage (CD) events where Lusitano horses participated, and information from working equitation events, including 1454 records obtained in dressage trials (WEDT) and 1524 in maneability trials (WEMT) of working equitation (Table 2) . Functionality traits correspond to the mean scores attributed by a group of three to five judges in a scale 0-100. For both CD and working equitation, competitions are classified into different levels of difficulty, reflecting the hardship of the test, age of the horse and seniority of the rider, and in our study there were 11 levels recognized for dressage and 5 levels for working equitation. Further details on the classification of morphological traits, CD, WEDT and WEMT have been reported elsewhere .
Individual coefficients of inbreeding were computed using all the pedigree information available, as described by Vicente et al. (2012) , such that for the full data set analyzed, the mean inbreeding coefficient was 9.9278.34%, based on a mean of about 10 equivalent generations.
Statistical analysis
Preliminary analyses of variance were carried-out with the GLM procedure of SAS (SAS Institute, 2004) to assess the relative importance of the fixed effects included in the mixed linear model used in further analyses.
The major goal of our analyses was to obtain estimates of fixed effects and breeding values for morphological and functional traits in Lusitano horses, by mixed model procedures using a BLUP -Animal Model. In a first stage, mixed models were used to obtain estimates of variance components by Restricted Maximum Likelihood, in univariate analyses using the MTDFREML package (Boldman et al., 1995) . Morphology and gait traits were scored only once in the lifetime of the individual, while for functional traits the same animal could be classified several times, depending on the number of competitions that it entered. Therefore, the statistical model used in the analysis of morphology and gaits traits was a single trait Animal Model with single records, while for functional traits the univariate model used allowed the existence of repeated records by the same horse. In matrix notation, the mixed model used in the analyses of morphology and gaits was
where y is the vector of records for morphology and gaits, b is the vector of fixed effects to be estimated and X the corresponding incidence matrix relating records to fixed effects, a is the vector of breeding values to be estimated and Z a the corresponding incidence matrix, and e is the vector of residuals. In this case, the fixed effects considered in vector b were stud, year of classification and sex, plus the linear effect of inbreeding and the linear and quadratic effect of age at scoring as covariables. In preliminary analyses, the quadratic effect of inbreeding was also included in the model, but it was found to be not significant (P40.05), so it was removed from final analyses.
In the univariate analyses of dressage and working equitation, in matrix notation the mixed model used was
where y is the vector of records for CD, WEDT and WEMT, c is the vector of permanent environmental effects of the horse to be estimated and Z c is the corresponding incidence matrix, and the other abbreviations are as defined previously. In the case of dressage and working equitation results, the fixed effects considered in the Animal Model were sex, event (defined as the combination of place and date of the competition) and level of difficulty, plus the linear effect of inbreeding and the linear and quadratic effect of age at competition as covariables.
The MTDFREML package (Boldman et al., 1995) was used to obtain estimates of variance components by Restricted Maximum Likelihood, iterating until a convergence criterion of 10 À 12 was obtained. The analyses were carried-out considering in the relationship matrix the known ancestors of animals with records, such that there were 21,480 animals in the pedigree file used in the analysis of morphology and gaits traits, 22,046 in CD and 3480 in WEDT and WEMT. The estimated variance components, which have been reported elsewhere , were then used to obtain estimates of fixed and random effects for each trait in univariate analyses. Inbreeding depression was estimated for the analyzed traits in MTDFREML, from their regression coefficients on the coefficient of inbreeding, which was included as a linear covariate in the model. In order to assess the relative impact of inbreeding on the different traits, a standardized regression coefficient was obtained by dividing the linear regression coefficients by their phenotypic standard deviation and also expressed as a percentage of the mean.
Selection in retrospect
Genetic trends over time were assessed by regressing the estimated breeding values (EBV) for each trait on year of birth. To allow comparisons of the magnitude of selection response achieved in different traits, the regression coefficient estimated as above for a given trait was divided by its corresponding genetic standard deviation, to obtain an estimate of the standardized genetic trend, and also expressed as a percentage of the trait mean.
To assess the relative emphasis placed on selected traits throughout the period studied, selection differentials were calculated in retrospect. For these analyses, the EBV for different traits were averaged by year of birth for males and females in the whole population, and for the selected sample which later produced registered offspring. The difference between the mean EBV for selected individuals and for the whole group born in the same year was considered the genetic selection differential. These selection differentials were then pooled by sex across years for the whole period studied and for the last 6 years of selection, i.e., animals born in the period 2000-2005. Selection intensity was then calculated by dividing the pooled annual genetic selection differential for each trait by the corresponding genetic standard deviation, as reported by Vicente et al. (2014) .
Results
Descriptive statistics and phenotypic trends
The number of records and levels of fixed effects considered in the analyses of morphology, gaits and functional traits are summarized in Table 1 . The records included in the analysis of morphology and gaits traits were obtained in about 18,000 horses, originating from about 900 studs in a period of 43 years. The number of horses with information on performance traits was much smaller (about 760 for CD and nearly 200 for WEDT and WEMT), with a mean of 16.0, 7.8 and 7.2 records/horse for CD, WEDT and WEMT, respectively.
For morphology and gaits traits, there were about 2.5 times more records for females than males (Table 2) , while for functional traits the number of records produced by males, when compared with females, was about 12 times more in CD and 19 times more in WEDT and WEMT. The mean age at classification of morphological and gaits traits was about 6.4 years, with a coefficient of variation (CV) of nearly 50%, while for CD and working equitation the means were about 9.2 and 8.7 years, respectively, with a CV of nearly 30%. The mean coefficient of inbreeding was about 10% for the animals included in the analysis of morphology and gaits, 11.5% for working equitation and 8% for CD, with a CV of about 80%.
Over the period of 40 years analyzed, the phenotypic trends for morphology (Fig. 1a) indicate that HW increased by about 0.053 cm/year, while FS declined steadily, on average 0.11 points/year. For functional traits, no phenotypic change could be detected in the period of 20 years studied (Fig. 1b) , with year means that were very stable for CD, but showed considerable variation from year to year for WEDT and WEMT.
Fixed effects
Preliminary analyses of variance indicated that the fixed effects considered in the models used for analyzing morphological and functional traits accounted for about 14-35% of the phenotypic variability (results not shown). Genetic parameters were estimated in a first-stage analysis with MTDFREML, and in the second stage these estimates were used to obtain solutions and contrasts for fixed effects and EBV in the mixed model, using the same software package. The difference between sex fixed effects for the traits analyzed (Fig. 2) indicates that, on average, males receive significantly lower scores for all morphological traits (P o0.01), except SW (P 40.05), while for CR the higher score was attributed to males (P o0.01). When grading GA, males received a score lower by about 0.5 points relative to females (Po0.01) while for FS the difference was almost À 1.7 points (Po0.01). Sex differences for functional traits were small, with an advantage in males of about 0.8 percentage points for WEMT (Po0.01) and CD (P40.05), and a disadvantage of À 0.54 percentage points for WEDT (Po0.01).
The distribution of stud fixed effects for FS followed an approximately normal distribution, with very large environmental differences among studs, while for HW the distribution was also normal but narrower (results not shown).
The level of competition was included as a fixed effect in the analysis of functional traits, and the corresponding solutions are shown in Fig. 3 . The degree of difficulty of the competition had an important effect on the score obtained in CD (Fig. 3a) , such that, in both national-level (from preliminary to complementary) and international-level (from FEI4years to Big Tour) competitions, the environmental effect of competition level resulted in an increasingly lower scoring as the competition became more difficult and complex. For WEDT (Fig. 3b) , differences among competition levels were minor, except for some penalizing in the Juvenile class, which corresponds to competitors up to 16 years of age. For WEMT (Fig. 3b) , the environmental effect of competition level resulted in an increase in average scoring as the level of competition increased, from Juvenile to Master.
Inbreeding had a negative impact on all partial morphological scores analyzed (Table 3) , with a significant effect (Po0.05) on all traits except HN. The consequences of inbreeding were also detrimental (P o0.01) for the global assessment of morphology (FS), as well as for HW and GA. For functional traits, however, the impact of inbreeding was small (P 40.05) even though negative. To allow comparisons of the relative impact of inbreeding on different traits, a standardized partial regression coefficient was obtained, using phenotypic standard deviation as the weighing factor (Table 3) . In these analyses, the traits showing a stronger inbreeding depression were HW, LE, GA and CR, and the minimum impact of inbreeding in standard deviation units was detected in HN and SW, while for functional traits the impact was intermediate. When inbreeding depression was expressed in percentage of the trait means (Table 3) , the traits showing a larger impact were CR, LE and GA, followed by functional traits. Still, the overall effect of inbreeding was negligible for all the traits analyzed, never exceeding À0.1% of the trait mean by 1% inbreeding. Age at classification had a significant quadratic effect on all traits analyzed, and its effect on FS and HW is illustrated in Fig. 4 . The FS declined slightly as age increased, while HW increased up to about 9 years of age and stabilized afterwards. For functional traits, the effect of age at competition was essentially linear with a significant (Po0.05) increase in scoring as age increased, which was very moderate in CD, but more pronounced in working equitation trials (results not shown).
Genetic trends
The effectiveness of selection practiced was assessed by investigating genetic trends for the traits analyzed (Table 4) , obtained by regressing EBV on year of birth. For all the morphology, gaits and functional traits analyzed, the regression of EBV on year of birth was positive and significant, indicating that selection has been effective, even though the magnitude of response has been quite modest in all cases. When selection response for each trait is expressed in genetic standard deviation units, the traits showing a better response were HN, OI, FS and GA, while the morphological traits showing a higher response were HN, OI and GA, followed by working equitation trials with a response of similar magnitude.
Variability of estimated breeding values
The distribution of EBV in the whole population and in animals selected for breeding is shown in Fig. 5 for the major morphological traits (FS and HW), GA, and for functional traits. The observed distribution was approximately normal for all traits, with minor differences between the selected individuals and the whole population. When the whole population was considered, large differences in EBV were detected among individuals for FS, exceeding 6 points between extreme animals (scale 0-100 points), which supports the feasibility of selecting with success for FS based on EBV, and a similar pattern was observed for HW. Differences in EBV for GA were smaller but still important, indicating that selection could be effective in improving GA in Lusitano horses. For functionality, the variability of EBV was important for all traits, but their distribution was wider for working equitation trials than for CD. The standard deviation (SD) of EBV found in this work can be compared with the genetic SD estimated from the same data , and both are summarized in Table 5 . It is expected that the SD of EBV should be smaller than the true genetic SD by a factor of r AP , where r AP corresponds to the mean accuracy of selection (Van Vleck, 1993) , which in mixed-model analyses largely depends on heritability and on the amount of family information considered. In our analyses, the ratio between the SD of EBV relative to the estimated genetic SD ranged from about 0.58 to 0.64 for global morphology (FS and HW), while for functional traits the ratio was between 0.41 and 0.51. These results indicate that selection accuracy was somewhat lower for functional traits, as would be expected given their much lower number of records, in spite of the higher heritability of WEDT and CD when compared with FS .
The EBV were averaged by stud, and the corresponding means for FS, HW, WEDT, WEMT and CD are in Fig. 6 . Important genetic differences between studs were observed for all these traits, indicating that selection among different studs could play an important role in the success of the breeding program.
Selection differentials
In the period of 35 years considered in our study, it is apparent that the selection differential has consistently been much smaller in females than in males (Fig. 7) , and no trait could be easily identified as being under selection in mares, except for some emphasis on WEDT and WEMT in the last few years. In males, no genetic selection has being applied on HW over the period analyzed, and in the last 10 years more attention is being given to working equitation trials. The genetic selection differentials for each trait, pooled over the years analyzed, and the corresponding selection intensity are in Table 5 . Selection differentials were much larger in sires than in dams, by a factor of about 2-10. Among the partial morphological scores, the one receiving more weight in males was HN, and in females OI and GA. When selection differentials were computed for the whole period analyzed and for the period 2000-2005 alone, it was noticeable that, in the last period, the selection differential for HW increased by almost 5-fold in stallions, while in mares it was FS which increased in the last period. Selection differentials for functional traits have increased in the last few years, while for SW, CT, CR and LE the selection differential has been nearly non-existent throughout the period analyzed. Overall, the mean selection intensity (Table 5 ) has been the highest for HN, BL, OI, GA and FS, followed by functional traits, which have received more attention in the last few years. One possible reason for the lower than expected selection differentials is the sub-optimal use of outstanding animals, and this possibility was investigated by obtaining the relationship between the FS attributed to a sire and its number of registered offspring. The estimated correlation was moderate (r¼0.277) but significant (Po0.01), indicating that there is a weak positive association between the morphology score (FS) obtained by a sire and the number of offspring that it produced.
Discussion
The Lusitano horse has a long tradition as a saddle breed, and its Studbook was established in 1967 (Vicente et al., 2012) . The official selection program implemented by the breeders' association is mainly based on the adherence of an animal to the breed standard, expressed by its scoring in morphology and gaits items. In addition, studs have over the years selected their animals based on 
Table 5
Standard deviation of estimated breeding values (EBV), estimated genetic standard deviation, and annual genetic selection differentials assessed in retrospect for sires and dams and corresponding selection intensity averaged over sexes, for morphological and functional traits pooled across years of birth in Lusitano horses, considering the whole period analyzed beauty, conformation and ability for equestrian art and bullfighting, and in the last few years, selection for sports activities such as dressage has been part of the breeding goal for some Lusitano breeders. Still, no systematic data collection or genetic evaluation for these traits has been carried out , but it is acknowledged that providing breeders with more objective tools when selecting their breeding stock would enhance selection response (Arnason and Van Vleck, 2000) . So far, the major criterion in the selection program of Lusitano is the mandatory grading of morphology and gaits for registration in the breeders section of the Studbook, including information on nearly 18,000 animals. Nearly three quarters of these records correspond to females, reflecting, to some extent, the conditions imposed by Studbook rules, where all foals to be registered as Lusitano must be the offspring of sires and dams registered as breeders, which must in turn have been approved in morphology and gaits judgment. As a consequence, there are more females scored, and only those males that the producer intends to use for breeding are submitted to judgment. Notwithstanding, when the census of registered Lusitano sires and dams is considered, the number of approved stallions far exceeds what would be desirable when the number of registered mares is considered, with an observed sex ratio of about 5 breeding females per stallion (Vicente et al., 2012) . Thus, it can be anticipated that the resulting selection intensity in the sire path is probably sub-optimal.
Grading of Lusitano horses for morphology and gaits usually occurs at a mean age of over 6 years, because stallions need to be trained for being ridden when they are registered in the Studbook. For dressage and working equitation, where the need for training is even more justified, the mean age at competition is about 9 years of age,. As a consequence, the observed generation interval in Lusitano is over 10 years (Vicente et al., 2012) , which will certainly restrain long-term selection progress. In other horse breeds, stallions and mares are generally tested and selected at a younger age, ranging from 3 to 6 years old in the Hanoverian, Dutch and Swedish Warmblood, Selle Français and Irish Sports Horse (Thoren Hellsten et al., 2006) . Phenotypic trends were moderate over the period of more than 40 years analyzed, with a slight increase observed in HW since the first records were collected up until now (Fig. 1) . Minor phenotypic trends over time have also been reported for HW in horse breeds from Brazil (Dornelles et al., 2012) and Croatia (Kaps et al., 2004) , probably reflecting the attempt to keep body size approximately stable over time, as it is a trait of major importance in the definition of breed standards and is related with the rideability of a horse. The phenotypic increase in HW found in our study can be attributed essentially to environmental changes, as the genetic trend for HW was nearly null (less than 0.01 cm/year), and in fact it was the trait where the lowest genetic change in percentage of the mean was observed.
The phenotypic trend for FS was clearly negative, with a decline of about 4.4 points over the period of 40 years considered in our study (Fig. 1) , probably reflecting the changes in Studbook rules, with stricter grading thresholds for registration applied in more recent years. This suspicion is confirmed by the positive genetic trend observed for FS (about 0.05 points/year, Table 4), which would imply a negative environmental trend for this trait, as a consequence of progressively more demanding regulations.
The average HW was higher for males by about 3 cm, as could be anticipated given the sexual dimorphism of the horse species (Pinto et al., 2008; Purzyc et al., 2011; Zechner et al., 2001 ). However, males received lower scores than females for both FS and for the majority of the partial morphological scores. In particular, males were especially penalized in the classification of GA, with a score lower by about 0.5 points when compared with females. This general pattern of lower scores attributed to males probably does not reflect true sex differences, but could be justified by a more strict application of the classification system in sires. In addition, the dynamics of females are usually judged with the animal presented in hand or in liberty, while for stallions it is mandatory that the judgment occurs with the animal ridden by a horseman, and this could justify the strong sex environmental effect observed in GA.
Considerable differences were detected among studs, especially in their environmental effects but also in mean EBV for morphology, gaits and functionality (Fig. 6 ). For example, the observed variability among studs in mean EBV for FS, HW and functional traits strongly supports the implementation of an organized breeding program, where selection of animals from different studs is a key component. In Lusitano, the exchange of animals among studs has been a common practice, with a few very influential studs (Vicente et al., 2012) , which have created strong genetic ties among studs. The availability of breeding values predicted across studs will provide the breeders with objective information which can be used to reinforce selection response.
When a horse is judged in a dressage or working equitation event, it is assigned to a level of competition which reflects the degree of difficulty of the test and the experience of both the horse and the rider. In our analyses of CD, the solutions for the level of competition fixed effect indicate that the scores attributed are lower as the level of competition becomes more complex, both at the national and international levels. This is in line with the results reported by Stewart et al. (2010) for dressage results with several horse breeds in Great Britain, and reflects the higher level of difficulty and more stringent judgment usually applied from novice/preliminary levels to more advanced categories (Big Tour).
Inbreeding in horses has been shown to have detrimental effects on racing performance (Klemetsdal, 1998) , morphological traits (Gomez et al., 2009; Vostry et al., 2011) , reproductive ability (Van Eldik et al., 2006; Sairanen et al., 2009 ) and increase the incidence of some pathologies (Curik et al., 2000; Sevinga et al., 2004) . In our study, inbreeding depression was observed for nearly all the morphological and gait traits analyzed, but its effects on functionality were negligible. For HW, the observed effect of inbreeding was similar to that reported by Vostry et al. (2011) for Czech cold-blooded horses, but much lower than the value reported by Gomez et al. (2009) for the Andalusian horse. For morphological traits, where we estimated negative consequences of inbreeding, there is no clear pattern established for other horse breeds, such that significant inbreeding depression has been reported in some studies (Gomez et al., 2009; Vostry et al., 2011) while other authors have found no appreciable effects of inbreeding (Curik et al., 2003; Sierszchulski et al., 2005; Wolc and Balinska, 2010) . Nevertheless, it could be anticipated that the effect of inbreeding on morphological traits would be small, as these are expected to be less affected by inbreeding depression than fitness-related traits (DeRose and Roff, 1999) .
The mean level of inbreeding in the Lusitano data set included in our analysis was 10.0778.46%, thus covering a wide range of inbreeding levels. Overall, the effect of inbreeding was detrimental for all traits analyzed, even though of very small magnitude. For example, the estimated inbreeding depression expressed relative to the mean of the trait never exceeded 0.1% of the mean per 1% inbreeding (Table 3) , which is far below the estimates of inbreeding depression reported for other species (Burrow, 1993; Lamberson and Thomas, 1984) . The low impact of inbreeding depression observed in our study could be a consequence of the slow rate of inbreeding occurred in Lusitano in the past (Vicente et al., 2012) , which may have allowed natural and artificial selection to purge some of the negative consequences of inbreeding (Swindell and Bouzat, 2006) , or it could just be a specific feature of the horse species, where the consequences of inbreeding seem to be less striking than in other species (Ballou, 1994) .
In spite of the moderate heritability estimates reported for FS, GA and WEMT in Lusitano , the EBV for these traits show considerable variability (Fig. 5) estimates of genetic merit could be effective. For HW and, to a lesser extent, for WEDT, the heritability is higher, resulting in a wide distribution of EBV, while for CD the much lower phenotypic variability is not compensated by the heritability estimate of 0.32 , resulting in a narrow distribution of EBV. For all the traits considered, the dispersion of EBV for selected animals nearly overlaps the distribution for the whole population, indicating that selection differentials have been small, and efforts should be made to incorporate EBV in selection decisions.
When selection was assessed in retrospect, the genetic trend was positive but moderate for all traits analyzed. Comparatively, the highest annual responses expressed in genetic standard deviation units were observed in HN, OI, GA and FS, while HW has been kept nearly unchanged. As a percentage of the mean, the same traits plus working equitation trials showed the highest responses, but in the best cases the annual genetic trend did not exceed 0.2% of the mean. The observed responses are in line with the genetic trends reported for conformation traits in Icelandic horses (Albertsdottir et al., 2011) , and are somewhat better than those observed in Swedish Warmblood (Arnason, 1987) . In our analyses of functional traits, only records collected after 2000 were considered in the analysis of dressage events, and the modest genetic trend achieved is, nevertheless, better than that observed in Selle Français (Dubois and Ricard, 2007) , but lower than the results reported for the Swedish Warmblood (Viklund et al., 2011) and for a group of horse breeds competing in dressage events in Great Britain (Stewart et al., 2010) . Working equitation is a novel equestrian discipline and, to the best of our knowledge, this is the first time that an Animal Model genetic evaluation is being carried out to analyze it. Our results indicate that, in the period of about 15 years since the beginning of this sports activity the response obtained has been positive but moderate for both WEDT and WEMT. Overall, it is important to emphasize that selection response has been positive for all traits currently considered in the breeding program of Lusitano horses, but the annual response has not exceeded 0.15% of the mean (Table 4 ), indicating that there is room for improvement in the selection program. On the other hand, even though they are not explicitly included in the breeding objectives of Lusitano, our results indicate that studs are selecting for functionality, and this has resulted in a slight improvement of WEDT, WEMT and CD.
Genetic selection differentials analyzed in retrospect indicate that, over the years, a higher selection pressure has been applied in sires than in dams. After some fluctuation in the selection differentials in the first decade, they have shown a slightly positive trend over time, especially in males but also in females, indicating that breeders are exercising more care in their selection decisions. The mean genetic selection differentials indicate that, over the last 6 years included in the analyses, the emphasis in male selection has shifted to give more importance to HW, even though FS continues to be the leading trait in relative weight given to conformation and gaits traits. Selection intensity was positive but very modest for all traits analyzed, and increased in the last six years, confirming the efforts made by breeders in selection decisions. Currently, the highest selection emphasis is placed on the total scores reflecting general conformation and grace (FS and OI) and in the key traits reflecting what breeders feel more attractive in the Lusitano horse, such as HN (the distinctive mark of the breed), and BL and GA (as they relate to the ability as a saddle horse). Nevertheless, the realized selection intensity has been very modest, and far below the intensity that could be reached with fewer animals selected, as has been achieved in other horse breeds (Viklund et al., 2011) .
As computed in our work, genetic selection differentials reflect the emphasis that studs place directly or indirectly on the various traits, when breeding animals are selected. Notwithstanding, genetic trends are a consequence of both selection differentials, including selection for correlated traits, and of how extensively the selected breeding stallions and mares are used. Therefore, divergences on the relative importance of a specific trait between selection differentials and genetic trends would essentially reflect the extent to which a sire or dam superior for a specific trait has been used for breeding. In our analyses, the major morphological traits selected for and in which higher selection responses were also achieved were OI, HN and GA, confirming that selection and use of breeding animals were consistent for these traits. However, slight discrepancies were found between the selection differentials practiced and realized genetic trends for some traits, as was the case for FS and BL, where genetic selection differentials were important but where responses were minor. For functional traits, both genetic trends (expressed in proportion of the mean) and selection intensity were somewhat higher for WEMT and WEDT than for CD, indicating that studs are putting more emphasis on working equitation.
So far, the Lusitano breeding program has resulted in moderate genetic improvement of conformation, type and gait traits, but some adjustment and refinement can be introduced, in order to optimize selection responses. The formal definition of the breeding objectives is the key element of any genetic improvement program (Van Vleck, 1993) , and in the case of Lusitano it is obvious the need to include functionality traits in the breeding goals, while maintaining selection for beauty and type characteristics, which are of paramount importance in Lusitano horses. In particular, traits such as performance in dressage, working equitation and bullfighting ability have received increased attention in the last few years, and should be formally included in the breeding program. The next step is to enhance the use of available information in selection decisions, i.e., to implement a systematic genetic evaluation procedure, allowing the objective and early selection of breeding animals. On the other hand, the breeding program can be further optimized, both by reducing generation intervals (through registration at an earlier age and genetic evaluation of young animals), by enhancing selection accuracy through the use of multivariate Animal Models combining functional and morphological traits, and by increasing selection intensity (by reducing the number of breeding stallions) to levels compatible with an increased selection response. These strategies should be adopted taking into consideration the need to maintain genetic variability, by minimizing inbreeding and avoiding population bottlenecks, as these are primary concerns in the Lusitano horse breed Please cite this article as: Vicente, A.A., et al., Selection for morphology, gaits and functional traits in Lusitano horses: II. Fixed effects, genetic trends and selection in retrospect. Livestock Science (2014), http://dx.doi.org/10.1016/j. livsci.2014.03.017i (Vicente et al., 2012) . The incorporation of genetic markers in selection of Lusitano is a possibility that should be kept in mind, as it is currently being used in selection of sport horses (Haberland et al., 2012; Hill et al., 2010) but, to our knowledge, genomic associations with morphological and beauty traits have not been studied so far.
Conclusions and implications
Our results indicate that, in spite of the progress being modest, the benefits of selection in Lusitano have been observed mostly in body conformation, type, grace and gaits, confirming the importance that esthetics and equestrian art have historically had in the selection of this breed. Still, enough genetic variability exists for all the traits analyzed, and response to selection could be further improved if a systematic genetic evaluation for the traits considered of interest is adopted in selection decisions.
